Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1.  REPORT  DATE 

30  SEP  2009 

2.  REPORT  TYPE 

Annual 

3.  DATES  COVERED 

00-00-2009  to  00-00-2009 

4.  TITLE  AND  SUBTITLE 

Estimating  Surface  Currents  From  SAR 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

General  Dynamics, 1200  Joe  Hall  Drive, P.O.  Box  990,Ypsilanti,MI,48197 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

10.  SPONSOR/MONITOR'S  ACRONYM(S) 

11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

code  1  only 

14.  ABSTRACT 

The  long-term  goal  of  this  program  is  to  be  able  to  utilize  SAR  imagery  to  estimate  surface  currents  over 
the  ocean.  With  the  availability  of  a  large  number  of  commercial  SAR  satellite  sensors,  it  may  be  possible 
to  have  an  operational  capability  to  generate  surface  current  maps  around  the  world’s  oceans  that  could  be 
complimentary  to  the  operational  altimeters. 


15.  SUBJECT  TERMS 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 

ABSTRACT 

18.  NUMBER 

OF  PAGES 

19a.  NAME  OF 

RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Same  as 
Report  (SAR) 

2 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


DISTRIBUTION  STATEMENT  A:  Approved  for  public  release;  distribution  is  unlimited. 


Estimating  Surface  Currents  from  SAR 

Dr.  Christopher  Wackerman 
1200  Joe  Hall  Drive 
P.O.  Box  990 
Ypsilanti  MI  48197 

phone:  (734)  480-5413  fax:  (734)  480-5367  email:  chris.wackerman@gd-ais.com 

Award  Number:  N00014-08-C-0561 


LONG-TERM  GOALS 

The  long-term  goal  of  this  program  is  to  be  able  to  utilize  SAR  imagery  to  estimate  surface  currents 
over  the  ocean.  With  the  availability  of  a  large  number  of  commercial  SAR  satellite  sensors,  it  may  be 
possible  to  have  an  operational  capability  to  generate  surface  current  maps  around  the  world's  oceans 
that  could  be  complimentary  to  the  operational  altimeters. 

OBJECTIVES 

There  are  two  objectives  in  this  program. 

(1)  Develop  a  capability  to  use  SAR  imagery  to  estimate  surface  currents. 

(2)  Develop  a  capability  to  assimilate  the  SAR  estimates  into  current  models  and/or  other 
observations  to  generate  a  wide-area  surface  current  estimate 

APPROACH 

(1)  Estimating  surface  currents  from  SAR 

Two  approaches  will  be  investigated  under  this  program.  One  will  be  the  inversion  of  radar  cross 
section  (RCS)  modulations  into  the  underlying  surface  current  gradient  that  has  caused  those 
modulations.  This  will  be  done  by  inverting  the  wave  action  balance  equation  that  determines  changes 
in  wave  spectra  due  to  interaction  with  surface  currents.  This  capability  has  been  generated  for  internal 
wave  signatures  by  another  ONR  program  (the  Non-Linear  Internal  Wave  Initiative).  Under  this 
program,  it  will  be  modified  for  larger-scale  current  patterns.  The  second  approach  will  be  to  generate 
a  two-dimensional  map  of  surface  wave  spectra  from  the  SAR,  and  use  the  spatial  changes  in  the 
spectra  to  estimate  surface  currents.  We  have  already  developed  tools  to  estimate  wave  spectra  under  a 
NOAA/NESDIS  program,  however  that  algorithm  will  be  modified  under  this  program  to  include  non¬ 
linear  transfer  functions.  We  anticipate  that  the  translation  of  wave  spectral  changes  into  surface 
currents  will  also  be  done  via  inversion  of  the  wave  action  balance  equation 
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(2)  Assimilation  into  current  models 


It  is  not  clear  if  SAR  imagery  will  ever  be  able  to  provide  the  wide-area  view  of  surface  currents 
required  by  operational  users.  Thus  we  anticipate  that  we  may  need  to  assimilate  the  SAR-derived 
currents  into  a  large  field-of-view  by  using  existing  models  of  current  fields.  We  propose  using  the 
DELFT3D  model  for  which  we  have  done  previous  inversion  work.  We  will  modify  this  previous 
work  so  that  we  can  determine  the  model  inputs  required  to  reproduce  the  SAR-derived  currents,  then 
use  the  model  to  generate  the  large  field-of-view. 

WORK  COMPLETED 

We  are  only  in  the  initial  stages  of  the  work  so  far.  We  have  started  work  on  developing  the  adjoint 
expressions  needed  to  invert  the  surface  current  that  generated  the  radar  cross  section  values  via  the 
wave  action  balance  equation.  We  have  previously  done  this  in  the  NLIWI  program  using  an  assumed 
functional  form  for  the  surface  current  field  (in  that  case  a  sech**2),  but  here  we  need  a  more  general 
approach.  The  issue  we  are  having  is  in  making  sure  the  derivatives  of  the  current  fields  (which  the 
radar  cross  section  values  are  very  sensitive  to)  are  smooth.  Work  has  only  been  completed  so  far  on 
some  initial  derivations  and  simulation  tests. 

RESULTS 

No  significant  results  have  been  generated  so  far. 

IMPACT/APPLICATIONS 

If  successful,  the  resulting  algorithms  will  generate  an  operational  capability  to  estimate  surface 
currents  from  commercial  SAR  systems. 

RELATED  PROJECTS 

The  proposed  research  will  start  with  algorithms  for  inverting  the  wave  action  balance  equation  to 
estimate  currents  that  have  been  developed  under  the  ONR  Non-Linear  Internal  Wave  Initiative.  The 
proposed  research  will  also  start  with  algorithms  for  assimilating  currents  into  DELFT3D  that  were 
developed  under  a  previous  ONR  program  entitled  "DELFT3D  Assimilation". 
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